The adrenergic differentiation of sympathetic neurons is controlled by complex interactions with the embryonic environment. To provide a basis for the experimental analysis of these interactions, the expression of the adrenergic marker enzyme tyrosine hydroxylase (TH) was analyzed by immunohistochemistry and in situ hybridization in sympathetic ganglia and the adrenal medulla of chick embryos. In parallel, the developmental expression of the transcription factors cPhox-2 and Cash-l was analyzed by in situ hybridization. TH protein was first detectable during the third day of development (stage 19) in cells of the primary sympathetic strands. A few hours earlier (stage 18), TH mRNA could be found by in situ hybridization. At the very same time and location, mRNA for the transcription factor cPhox-2 was first observed. In contrast, mRNA for the transcription factor Cash-l was detected much earlier, at stage 15, dorsal to the aorta where the primary sympathetic ganglia form. High TH mRNA levels are maintained during later embryonic development (stage 35) in both sympathetic ganglia and adrenal chromaftin cells. In contrast, cPhox-2 and Cash-l mRNA are selectively reduced in chromaffin cells and sympathetic ganglia, respectively. The results show that TH and cPhox-2 are early markers expressed in sympathetic ganglia. Their coordinated expression points towards an inductive event possibly occurring close to the aorta and leading to the expression of an adrenergic phenotype. Cash-l is detected significantly earlier, suggesting that its expression is induced by a separate event.
Introduction
The development of the sympathetic neurons has been analyzed to a considerable extent in avian and mammalian embryos (reviewed in Anderson, 1993) . Significant steps during differentiation of sympathetic neurons such as acquisition of the neurotrophin response (Coughlin and Collins, 1985, Ernsberger et al., 1989a; Birren and Anderson, 1993; DiCicco-Blum et al., 1993) or of cholinergic transmitter phenotype (Patterson, 1978; Landis and Keefe, 1983; Landis et al., 1988; Yamamori et al., 1989; Saadat et al., 1989; Ernsberger et al., 1989b) identified and molecules involved in these differentiation steps are being characterized. This makes the sympathetic nervous system a most promising model for a comprehensive developmental analysis where the essential differentiation steps may be understood in terms of the signal initiating the developmental change and the resultant cellular alterations.
Sympathetic cells in the chick embryo are first found in the primary sympathetic strands along the dorsal surface of the aorta (His, 1897; Kuntz, 1910; Enemar et al., 1965) . They then migrate to their final positions, which in the case of the paravertebral ganglia are just ventral to spinal nerve and dorsal root ganglia, next to the vertebral bodies. Already in the primary sympathetic strands, cells are considered to be adrenergic since they show formal-dehyde-induced fluorescence for catecholamines (CA fluorescence) (Enemar et al., 1965; Kirby and Gilmore, 1976; Allan and Newgreen, 1977; Rothman et al., 1978) . As the ability to take up and store catecholamines is detectable at even earlier stages (Allan and Newgreen, 1977) , it is not clear whether the onset of CA fluorescence is due to the production of catecholamines or due to uptake and storage by the fluorescent cells. Since no data are available on the expression of tyrosine hydroxylase (TH), the rate-limiting enzyme necessary for catecholamine biosynthesis, it is unclear when the sympathetic precursor cells are adrenergic in the sense that they express the biosynthetic pathway for the synthesis of their neurotransmitter.
The role of tissues lining the neural crest migration pathways in the development of adrenergic sympathetic neurons has been described in several experimental systems. Transplanting pieces of chick embryonic trunk tissue (Cohen, 1972; Teillet et al., 1978) as well as culture studies (Norr, 1973; Bronner-Fraser, 1985, 1986 ) demonstrated the importance of ventral neural tube, notochord and somitic mesoderm for the adrenergic differentiation of neural crest cells. The role of notochord and neural tube was also studied by eliminating these tissues during early development (Teillet and LeDouarin, 1983; Stern et al., 1991) , thus preventing the differentiation of CA-fluorescent adrenergic cells in the locations where the primary sympathetic ganglia would form. These studies provided strong evidence for the importance of tissue interactions in the development of adrenergic sympathetic neurons, but the molecular nature of the factors involved remained unclear.
Parallel to the quest for extracellular differentiation factors involved in the induction of neuronal phenotypes, the intracellular factors that engage the respective differentiation programs in the nuclear genome are also being targeted experimentally.
MASH-1, a mammalian homologue of the transcription factors of the Drosophila acheate scute complex, is found in sympathetic ganglia of mammalian embryos before adrenergic characters are observed (Johnson et al., 1990; Lo et al., 1991) . Mice lacking a functional MASH-l gene are devoid of adrenergic sympathetic neurons. However, they transiently contain undifferentiated neural crest cells in the position where sympathetic neurons would differentiate in wild type animals (Guillemot et al., 1993) . The results show that MASH-l is important for the development of adrenergic sympathetic neurons leaving the question open, however, whether this transcription factor affects differentiation or survival of the precursor cells. More recently, another transcription factor, Phox-2 (Valarche et al., 1993), has been described that is expressed with relative specificity in mouse sympathetic neurons. Phox-2 binds to the N-CAM promoter but the expression pattern indicates that it may be involved in regulatory steps affecting specific characters in sympathetic ganglia, possibly adrenergic differentiation. The early appearance of Phox-2 expression in the mouse embryo suggests that MASH-l and Phox-2 are part of a regulatory network of transcription factors that may be important for initial differentiation of adrenergic sympathetic neurons. However the precise role of these factors for sympathetic differentiation is unclear.
To understand the events involved in the induction of adrenergic characters in sympathetic neurons, we investigated the expression of TH as well as Cash-l and cPhox-2, the chick homologues of Mash-l and Phox-2, respectively. Comparing the expression of mRNA for TH and for the transcription factors cPhox-2 and Cash-l, we found that Cash-l expression preceded the appearance of cPhox-2 and TH that were coordinately expressed at stage 18. This may indicate two distinct inductive events, the first leading to the expression of Cash-l in sympathetic precursors and the second leading to expression of the adrenergic marker TH as well as the transcription factor cPhox-2.
Results

The expression of tyrosine hydroxylase protein in the developing sympathetic ganglia
Using immunohistochemistry, the first cells positive for tyrosine hydroxylase (TH) can be observed at stage 19 (68-72 h) at cervical and thoracic levels (Fig. 1A) . The cells are situated in loose clusters adjacent to the aorta, the anlagen of the primary sympathetic strands. Immunoreactivity is found in the soma excluding the nucleus and, occasionally, in process-like extensions emanating from the cell soma. TH-immunoreactive cells are abundant at levels rostra1 to the wing bud and at the rostra1 end of the wing bud. At levels corresponding to the caudal half of the wing bud, TH-immunoreactive cells are seen only occasionally. At this level, clusters of TH-positive cells are visible at stage 20 (70-72 h). Already at stage 21 (E3.5), TH-immunoreactive cells are observed in ventrally oriented streams laterally to the aorta at levels rostral and caudal to the wing bud as well as dorsolaterally oriented streams at wing bud levels (Fig. 1B) giving first evidence of migration to their final destination outside the primary sympathetic strand. At stage 23 (E3.5-4), THpositive cells are found at some distance to the aorta adjacent to the lateroventral margin of the forming vertebrae at brachial levels. Some of the cells are found almost as far dorsal as the spinal nerve at a position where dorsal and ventral root come together. In this position, the secondary ganglia of the paravertebral sympathetic strands will eventually be located. Two days later at stage 29 (E6), TH-immunoreactive cells at the level of the wing bud can be found scattered along the lateral margins of the vertebral bodies, few cells being still near the aorta ( Fig. 2A,B ). More posterior, strongly TH-positive cells in the adrenal anlage can well be discerned. Further caudally, streams of TH-positive cells can be observed in the towards the final location of paravettebral ganglia (arrows) and are also observed lateral to the aorta (a) in ventrally oriented streams (arrowhead) at sites where chromaffine cells will differentiate. n, neural tube. 10pm transverse section at the level of the wing buds. Interference contrast optics. Scale bar 60pm, 30pm (inset). mesenterium, along blood vessels and in the mesenchyme (Fig. 2C,D) . They most likely represent migrating sympathoblasts on their way to locations such as the prevertebra1 and mesenteric ganglia. Again 2 days later at stage 35 (E8-9), the TH-positive cells of the paravertebral ganglia at thoracic levels are found directly adjacent to the spinal nerve where ventral and dorsal roots meet (Fig.  3) . At levels caudal to the developing wing, THimmunoreactivity in the paravertebral ganglia appears less strong than at the level of the wing. Strong THimmunoreactivity can be found at levels caudal to the wing in clusters of adrenergic cells in the adrenal tissue as well as in cells located around the ventral and the lateral edges of the aorta. The latter cells are not organized in clusters like adrenal cells and constitute a population of adrenergic cells whose destiny and function is unclear.
The expression of tyrosine hydroxylase mRNA in the developing sympathetic ganglia
Tyrosine hydroxylase (TH) mRNA was first detected by radioactive in situ hybridization at stage 18 (65-69 h) at cervical and thoracic levels (Fig. 4 ). Signals were found adjacent to the aorta in the location of the primary sympathetic strands, being stronger rostra1 to and at rostral levels of the wing bud than at caudal levels of the wing bud. Such a gradient in expression of TH mRNA is still observed at stage 19 (68-72 h), when the first cells positive for TH protein can be detected by immunohistochemistry (as shown above). TH mRNA remains expressed at high levels in adrenergic cells up to the last stage examined: at stage 35 (E8-9) strong signals for TH mRNA can be detected in adrenal tissue and sympathetic ganglia (Fig. 5 ).
The expression of cPhox-2 mRNA in sympathetic ganglia begins at the same time as that of tyrosine hydroxylase mRNA
cPhox-2, the chicken homologue of mouse Phox 2 (Valarcht et al., 1993) , has an expression pattern surprisingly similar to tyrosine hydroxylase. cPhox-2 mRNA is first detected at stage 18 (65-69 h) in exactly the same Iocations as TH mRNA (Fig. 4) . This indicates that expression of TH and cPhox-2 is initiated in the same cells at the same time. In addition to the sympathetic ganglia, cPhox-2 mRNA is expressed in a group of cells in the neural tube (Fig. 4) where TH mRNA is not found. At later stages, cPhox-2 mRNA expression is stronger in the sympathetic ganglia than in the adrenal (Fig. 5 ) whereas a difference in TH mRNA signal was not visible and the immunohistochemical signal for TH protein was stronger in adrenal tissue than in sympathetic ganglia (Fig. 3) . In the sympathetic ganglia of those stages, regions which most likely correspond to regions of nerve fibers accompanied by glial cells are spared by label for both TH and cPhox-2 mRNA (Fig. 5 ). These observations and overlapping regions of expression of TH and cPhox-2 at all stages analyzed strongly suggest that cPhox-2 is expressed in TH-positive sympathetic cells. 
The expression of Cash-l mRNA in sympathetic ganglia precedes the expression of cPhox-2 and tyrosine hydroxylase
Cash-l, the chicken homologue of mouse MASH 1 (Jasoni et al, 1993) , was first detected by radioactive in situ hybridization at stage 15 (50-55 h) (Fig. 6A,B in addition to the expression adjacent to the aorta, signals are observed at some distance to the aorta in the mesenthyme (not shown). However, there was no evidence for Cash-l expression in migrating neural crest cells at the height of the neural tube or besides the notochord. At stage 18 (65-69 h), when TH and cPhox-2 mRNA are detectable, the expression pattern of Cash-l remains relatively complex (Fig. 6C,D) . In addition to the Cash-l signal in the primary sympathetic strands, Cash-l mRNA continues to be expressed in several horizontal stripes in the spinal cord, in cells lateral to the spinal cord in the DRG anlagen and ventral to the aorta (not shown). Moreover, Cash-l is regulated differently from TH mRNA in adrenergic cells: at stage 3.5 (E8.5-9), Cash-l is hardly detectable in sympathetic ganglia but still expressed in adrenal tissue (Fig. 6E,F) .
Discussion
To provide a framework for analyzing the induction of adrenergic properties in developing sympathoadrenal cells, we studied the expression of the adrenergic marker enzyme tyrosine hydroxylase (TH) in relation to the transcription factors Cash-1 and cPhox-2 in the chick embryo. TH-protein first appears during stage 19 of chick embryonic development as detected by a monoclonal antibody against tyrosine hydroxylase. Immunoreactivity for TH is first found in cells adjacent to the dorsal aorta, in a location where the primary sympathetic strands form. Later, TH-positive cells distribute in different directions towards the locations of the secondary sympathetic strands, the adrenal tissue and the prevertebral ganglia. TH mRNA is detectable by in situ hybridization at stage 18, preceding the detection of TH protein by a few hours (Fig. 7) . At the same time and in the same location as TH mRNA, mRNA for the transcription factor cPhox-2 was found. Cash-l mRNA, on the other hand, was expressed in the locations lateral to the aorta already at stage 15, roughly 1 day before expression of TH and cPhox-2. The coordinated expression of TH and cPhox-2 may suggest that they are regulated by common factors and that inductive events occurring close to the aorta may initiate their expression. The much earlier onset of Cash-l expression indicates that a separate inductive event may lead to the appearance of Cash-l in neural crest cells.
Catecholamine-induced fluorescence (CA fluorescence) at the sites of sympathetic ganglia formation was observed at stage 20 in chick embryos (Enemar et al., 1965, Kirby and Gilmore, 1976) . The studies left open, whether the catecholamines detected were synthesized in the cells showing the fluorescence or whether they were taken up by transporter systems. Treating embryos with L-DOPA led to the detection of fluorescing catecholamine stores already at stage 18 in the location of the primary sympathetic ganglia (Allan and Newgreen, 1977) . Thus, the cells already possess transporters and storage vesicles for amines early during differentiation.
Here we show that they express mRNA for TH, the rate-limiting enzyme of catecholamine biosynthesis, at stage 18 and immunoreactivity for TH shortly thereafter at stage 19. This indicates that the CA fluorescence detected at stage 20 may be due to endogenous synthesis rather than uptake. Our observations of the sites of TH expression agree nicely with the location of CA fluorescence, including the early appearance of short processes and the later decrease in signal intensity in sympathetic ganglia compared to the adrenal tissue (Enemar et al., 1965) . No TH-positive cells were found in the location of migrating crest cells as reported for the distribution of CA fluorescence (Allan and Newgreen, 1977) .
Phox-2, a homeodomain-containing transcription factor binding to the N-CAM promoter, is expressed in mouse sympathetic ganglia (Valarche et al., 1993) . The early onset of Phox-2 expression in sympathetic ganglia of the mouse embryo (ElO) raised the possibility that Phox-2 may be involved in the regulation of expression of the catecholamine-synthesizing enzymes. However, no data on the exact onset of TH mRNA or protein expression in the mouse embryo are available. Our results show that mRNA for the chick homologue cPhox-2 is present in chick embryos at stage 18, the same time that TH mRNA can be detected. This argues against a crucial role for Phox-2 in the transactivation of TH expression during initial adrenergic differentiation of sympathetic precursors. In addition, the loss of TH immunoreactivity of sympathetic neurons in cell culture (Ernsberger et al., 1989b) could not be prevented by transfection with an expression plasmid coding for mouse Phox-2 (U.E., C.G, and H.R., unpublished results). Those results indicate that Phox-2, rather than being important for the initiation and the maintenance of the adrenergic phenotype, may play a role during more downstream differentiation events.
The expression of Cash-l mRNA precedes that of TH and cPhox-2 in chick embryonic sympathetic ganglia by about 1 day. Also in the rat embryo, the corresponding mammalian gene, MASH-l, is expressed before TH (Lo et al., 1991) . MASH-l protein is detectable in the sympathetic ganglion anlage of El l-l 1.5 rat embryos 1 day before TH is detected at E12.5 (Lo et al., 1991) . The time of first expression of the adrenergic marker enzyme differs, depending on the rostrocaudal level, by l-2 days (Teitelman et al., 1979; cf. Anderson et al., 1991; Lo et al., 1991) . Both Cash-l and MASH-l mRNA disappear in sympathetic ganglia with ongoing development. In mice devoid of functional MASH-l genes, the generation of sympathetic neurons is prevented (Guillemot et al., 1993) . This leads to the conclusion that MASH-l and Cash-l expressing cells are sympathetic precursor cells. Interestingly, it was shown that the mutation does not block the localization of neural crest cells to the aorta but may prevent their further determination and/or differentiation. The sequential expression of the molecules analyzed (Fig. 7) suggests that during this time period at least two important events of inductive character occur in sympathoadrenergic precursor cells. The first of these events leads to the expression of Cash-l mRNA in cells located in the area of the primary sympathetic strands early during the third day of embryonic development. The second inductive event or group of inductive events leads to a coordinated expression of TH and cPhox-2 mRNA. Both events take place in the vicinity of the aorta and the axial structures notochord and ventral neural tube.
There is considerable evidence supporting a role of the axial structures on the differentiation of neural crest cells to adrenergic sympathetic neurons. Removal of neural tube and notochord from stage 15-25 embryos led to the lack of catecholamine-containing cells (Teillet and LeDouarin, 1983) . The differentiation of adrenergic cells did occur, however, when either neural tube or notochord were left in place. The same results were obtained in embryos with neural tube rotation (Stern et al., 1991) . Interestingly, after rotation of neural tube including the removal of the notochord from its normal site, neural crest cells were still found migrating to the locations where primary sympathetic ganglia would form, but the cells did not acquire adrenergic characters. From these observations, the authors concluded that it suffices to have either the ventral region of the neural tube or the notochord at their normal locations for the induction of adrenergic differentiation of neural crest-derived cells in the vicinity of the aorta.
Thus, data from experimental embryology and from our present study provide a scenario for regulatory events occurring in the vicinity of the aorta: (i) neural crest cells appear near the aorta independently of the presence of ventral neural tube and notochord;
(ii) Cash-l is expressed due to signals from axial structures or other environmental tissues; (iii) only later TH and cPhox-2 are induced by an induction step possibly occurring in the direct vicinity of the aorta. A similar conclusion is reached in a study (Groves et al., 1995) that has been published since submission of our manuscript. There it is shown that after spinal cord rotation and notochord removal, neural crest cells migrate to the dorsal aorta, where they express Cash-l. In contrast to unoperated embryos, the Cash-1 expression is, however, not followed by cPhox-2 or TH expression. The results support the conclusion that Cash-l compared to cPhox-2 and TH are induced by different signals. In contrast to our study, Groves et al. (1995) find TH relatively late, at stages 24125 during sympathetic differentiation.
This discrepancy may be due to the staining procedure employed. Our results of TH immunoreactivity appearing at stage 19 fit well with the beginning of mRNA expression at stage 18 (this study) and the appearance of CA fluorescence at stage 20 (Enemar et al., 1965; Kirby and Gilmore, 1976) .
The simultaneous expression of mRNA for cPhox-2 and TH in chick sympathetic ganglia (our study) is interesting as in the mouse Phox-2 transcripts are also found in other parts of the peripheral and central nervous system associated with an adrenergic phenotype. It should be pointed out, however, that in the chick spinal cord cPhox-2 expression was observed without concomitant TH mRNA expression. With respect to the sympathetic ganglia it may be concluded that the TH+/cPhox-2+ phenotype characterizes a first step of sympathoadrenergic differentiation. The synchronized regulation of a functional relevant enzyme and a transcription factor provides the option to regulate the expression of other functionally relevant molecules via the newly expressed transcription factor.
The sequential expression of the transcription factors Cash-l and cPhox-2 may indicate a hierarchically organized succession of regulatory &en& in the nucleus of developing adrenergic neurons. Future work will address the importance of tissue interactions and the nature of the signals involved in the extrinsic control of sympathoadrenergic differentiation.
Of particular interest will be to see whether growth factors such as OP-1 (Wehby et al., 1993) or sonic hedgehog, which is simultaneously expressed in notochord and ventral neural tube (Johnson et al., 1994) , are involved in this chain of inductive events.
Materials and methods
I. Staging, preparation and sectioning of embryos
Staging of the chick embryos was performed according to Hamburger and Hamilton (1951) . The major character used for identification of stages 14-21 embryos was the somite number, using the presence and size of Iimb buds as additional features. Embryos of stages 22-28 were staged according to their visceral arches and limb development.
Scleral papillae, nictitating membranes and limb development were the main features used for stages 29-35 embryos.
The embryos were freed from extraembryonic tissue and directly put into ice-cold 4% paraformaldehyde in 0.1 M sodium phosphate buffer (0.02 M NaH,P04, 0.08 M Na2HP04, pH 7.0) for 3 h (tyrosine hydroxylase immunohistochemistry) or overnight (in situ hybridization). Then, the fixative was replaced by 15% sucrose in 0.1 M sodium phosphate buffer overnight.
For cryosections, the embryos were mounted in Tissue Tek (Miles, Elkhart, IN, USA), frozen to -21°C; and sectioned at 1Opm on a Frigocut (Leica, Nussloch, Germany) onto gelatine-coated slides. Sections were kept for 1 h at 37°C and stored at -70°C. Consecutive sections from individual embryos were used for in situ hybridization with different probes.
Tyrosine hydroxylase immunohistochemistry
For immunohistochemistry, a monoclonal antibody against bovine tyrosine hydroxylase (TH) (Rohrer et al., 1986) was used. After bringing slides to room temperature, sections were treated for at least 1 h with PTS buffer (PBS (137 mM NaCl, 2.7 mM KCl, 6.5 mM Na2HP04, 1.5 mM KH2P04, pH 7.3), 0.2% Triton X-100, 10% donkey serum and 10% fetal calf serum). The anti-tyrosine hydroxylase antibody was diluted 1:500 in PTS and left on the sections overnight. After three washes in PTS buffer, anti-mouse IgG (H + L) F(ab')2-fragment (Jackson Immunoresearch, Westgrove, PE, USA), diluted 1: 10 in PTS, was applied for 45 min. The second antibody was removed by washing three times in PBT. Mouse peroxidase anti-peroxidase complex (Jackson Immunoresearch, Westgrove, PE, USA), diluted 1:200 in PBT, was added for 45 min. After washing 3 X 10 min in Tris phosphate buffer (8.3 mM Na2HP04, 3.2 mM KH2P04, 120 mM NaCl, 4 1.3 mM Tris, pH 7.8) the reaction was performed with DAB substrate and H202 (Amersham Cell Proliferation Kit, Amersham, UK) for 10-15 min and stopped by washing three times in Tris phosphate buffer. Cover slips were used to seal the sections after adding PBS/glycerol (1: 1). All steps were performed at room temperature.
In situ hybridization
4.3.1. Lube1 synthesis. RNA probes for TH, cPhox-2 and Cash-l were obtained by linearizing the respective plasmids with restriction enzymes (Boehringer, Mannheim, Germany) and transcribing with the appropriate RNA polymerases (Pharmacia, Freiburg, Germany): Eco Rl and T7 for TH antisense, Xhol and T3 for TH sense probe; Eco Rl and l7 for cPhox-2 antisense, Not1 and T3 for cPhox-2 sense probe; Xhol and T3 for Cash-l antisense, Barn Hl and T7 for Cash-1 sense probe.
After digesting 2Opg of plasmid with the indicated restriction enzyme for 34 h at 37°C the DNA was extracted with an equal volume of phenoVchloroform/ isoamylalcohol (50~49: 1) and re-extracted with chloroform/isoamylalcohol (49: 1). After precipitating the DNA with ethanol in the presence of sodium acetate, the linearized plasmid was dissolved in DEPC-treated water such that the concentration of DNA was close to 1 mg/ml.
One microliter of the solution containing the linearized plasmid was used for synthesizing the radioactive riboprobe in a 10~1 volume using transcription buffer from the Sp6/T7 transcription kit (Boehringer, Mannheim, Germany) and the RNA polymerases indicated above at 30-35 U total. Unlabeled G, A and C were added at 1 mM each, [a-35S]UTP (Amersham Buchler, Braunschweig, Germany) was added at 8OpCi (>800 Ci/mmol) total. RNasin (Boehringer, Mannheim, Germany) was added at 20 U total and DTT at 0.01 M. After 1 h at 37"C, tRNA was added to 1 mg/ml and 3 U of RNase-free DNase 1 (Boehringer, Mannheim, Germany) was used to digest plasmid DNA for 10 min at 37'C. Thereafter, RNA was extracted with an equal volume of phenol/chloroform/isoamylalcohol (50:49: 1) and re-extracted with chloroformlisoamylalcohol (49: 1). After precipitating the RNA with ethanol in the presence of sodium acetate, the radiolabeled probe was dissolved in DEPC-treated water.
Riboprobes were subjected to alkaline hydrolysis for 5 (cPhox-2), 20 (TH) and 25 (Cash-l) min in 40 mM NaHCOs and 60 mM Na2C0s at 60°C. The hydrolysis was stopped by adding sodium acetate (3 M, pH 5.2) to 0.1 M and glacial acetic acid at 0.6~1 in lOO& After hydrolysis, the radiolabeled RNA fragments were purified by G50 Quick spin columns (Boehringer, Mannheim, Germany) according to the manufacturer's instructions. 4.3.2. Hybridization. Sections were postfixed in icecold fixative (4% paraformaldehyde in 0.1 M sodium phosphate buffer) for 5 min, treated with 0.1 M glycin in 4x SSPE (600 mM NaCl, 40 mM NaH2P04, 4 mM EDTA, pH 7.4) 20 min at room temperature, and washed twice in 4~ SSPE. The radioactive label was diluted to 50 000 cpm/pl in hybridization buffer (50% formamide, 10% dextrane sulfate, 0.6 M NaCl, 10 mM Tris, pH 7.5, 1 mM EDTA, pH 7.5, 10 mM DTI', 1 X Denhardt's with 0.1 x BSA, 0.1 mg/ml herring sperm DNA, 0.5 mg/ml tRNA, 0.13 mg/ml yeast RNA), denatured 2 min at 80°C kept for 1-15 min on ice and applied onto the sections under coverslips coated with Sigmacote (Sigma Chemicals, St. Louis, MO, USA). Hybridization was performed at 50°C overnight on top of a bath containing 50% formamidel4~ SSPE. Cover slips were then removed in 5X SSPIYlO mM DTT at room temperature after washing for 10-30 min in 5~ SSPE/lO mM DTT at 50°C. Sections were transferred to 50% formamide/:!X SSPE/SO mM DTT for 3040 min at 65OC. After washing 2 X 10 min at 37°C in NTE (0.5 M NaCl, 10 mM Tris-HCl, 5 mM EDTA, pH 8), RNaseA was applied at 2Opg/ml in NTE for 30 min at 37°C. RNase was removed by washing in NTE/lO mM /3-mercaptoethanol with several changes of the washing solution over a 30 min period at 37°C followed by several changes of a 2~ SSPE/lO mM /3-mercaptoethanol solution over another 30 min period at 37°C. Finally, sections were washed in 0.1 X SSPE/ 10 mM /3-mercaptoethanol for 30 min at 5O"C, before going through an ethanol series (50,70,90%, 2 min each, 100% for 10 s).
4.3.3. Exposure. Kodak NTB-2 emulsion was melted in an equal volume of water at 45°C. After removal of air bubbles, slides carrying the sections were submerged in NTB-2 emulsion twice for 2 s each, dried at room temperature for 3 h and put into a light-protected chamber including silica gel. Exposure was performed for up to 30 days at 8"C, when NTB-Zcoated slides were developed with Kodak D19 developer and fixed in Kodak Unifix for 4.5 min at 20°C. Slides were then rinsed in tap water for 1 h and deionized water for 30 min before staining in 0.1% hematoxylin and 0.1% eosin B (Merck, Darmstadt, Germany). After differentiating in 70, 95 and 100% ethanol for 2 min each, slides were treated with Xylol for 2 X 10 min, and cover slips were mounted on Permount (Fisher Scientific, Fair Lawn, NJ, USA).
DNA
A clone encoding a full-length cDNA for chicken tyrosine hydroxylase was obtained from a LZAP library made from RNA isolated from sympathetic ganglia of 8-day-old chick embryos. The identity of the clone was determined by sequence comparison with published chick sequences (Carrier et al., 1993) . cPhox-2, a 385 bp DNA fragment in pBluescript KS, is the chick homologue of mouse Phox-2 corresponding to bases 74458 of the mouse sequence (Valarcht et al., 1993) . The fragment was amplified by PCR from the same RNA used to prepare the ilZAP library with degenerate oligonucleotides derived from the mouse Phox-2 sequence. Sequence identity in the amplified region was 80% at the nucleotide and 8 1% at the amino acid level. The nucleotide sequence will appear in the EMBL, GenBank and DDJB Nucleotide Sequence Databases under the accession number 249262. Cash-l, the chick homologue of mouse MASH-1, was available as full-length insert in pBluescript SK (Jasoni et al., 1993) .
